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CELL KINETICS OF HUMAN SEBACEOUS GLA:-.JDS* 
GERALD D. WEINSTEIN, M.D. 
Although there is a wealth of information on the 
rate of sebum delivery to the skin surface. the 
proliferative activity of the glands has not been 
accurately determined. Since sebaceous glands are 
holocrine glands, a direct relationship between cell 
proliferation and sebum production would be ex-
pected. Unlike the epidermis, however, the glands 
vary greatly in shape and size in various parts of 
the body, and this variation does not allow accu-
rate measurements of cellu Jar proliferative activity 
either under normal conditions or in response to 
em·ironment al factors. 
BACKGROUND 
Several approaches have been used to examine 
the cellular kinetics of a proliferative tissue. The 
oldest technique is the mitotic index. a count of all 
mitotic figures in a given unit of cell population. 
However, unless colchicine is used, this measure-
ment yields only a crude value since the mitotic 
duration itself can vary from minutes to hours. 
Furthermore, the huma~ sebaceous gland has very 
few visible mitoses. 
Studies of cell kinetics which make use of 
tritiated thymidine and autoradiog-raphy are more 
helpful. Tritiated thymidine is incorporated into 
the S phase cells of the proliferative cell popula-
tion, which in sebaceous glands are generally found 
in the basal cell layer along the periphery acini. 
Once the cells have completed DNA synthesis. 
they enter the G. phase for a short time before 
actual division. After mitosis. the two daughter 
cells enter the fourth phase of the proliferative 
cycle, G ~o during which, at least statistically, one 
of the two daughter cells leaves the proliferative 
cycle and is committed to differentiation while the 
other reenters the S phase to repeat its reproduc-
tive pathway (Weinstein and McCullough, 19nl. 
This series of events yields several kinetic mea-
surements in a proliferative tissue. First, a label-
ling index-the number of cells synthesizing DNA 
at one time-which is measured by the number of 
thymidine-labelJed cells per unit of cell popula-
tion. This general measure of proliferative activity 
suffers from the same limitations as the mitotic 
index unless the duration of the S phase is deter-
mined. The labelling index, on the other hand. is 
many times greater than the mitotic index and 
therefore a much easier value to obtain experimen-
tally. Thus, if the S phase for a cell is 8 hr and the 
mitotic phase is only 1 hr, eight times as many cells 
will be labelled with thymidine as there will be 
cells found in mitosis (Weinstein and Frost, 1968). 
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Second, the duration of the S, G,. and M phases 
can be measured experimentally, and from the 
results the duration of the G, phase and the entire 
cell cycle calculated (Baserga. 1965). The entire 
proliferative cell cycle in sebaceous cells has not 
yet been determined since the paucity of mitotic 
figures prevents a practical measurement of the 
duration of the DNA synthesis period (S phase). 
Third, in a tissue with a constantly renewing cell 
population, there is a constant movement of cells 
from the proliferative pool into the differentiated 
cell population and then movement of the differen- ' 
tiated cells either in distance (epidermis) or life-
span (red blood cells) through this compartment. 
In epidermis. this movement is represented by the 
passage of the proliferative cells out of the basal 
cell compartment into the malpighian and granu-
lar layer and distally through the stratum corneum 
to the surface. The movement of cells through each ' 
of the compartments represents the transit or 
turnover time of that particular compartment. 
Sebaceous glands can be examined in a similar 
manner to determine the transit time of cells 
through the differentiated cell population which 
makes up the bulk of the gland. Since no satisfac-
tory means have been found of determining how 
long it takes a cell to move from the basal row to 
the sebaceous duct for delivery to the surface. only 
a rough estimate of the transit time can be made. 
EXPERIME!I.'TAL DATA 
Until recently, sebaceous glands were generally 
considered to have cell populations made up of (a) 
proliferative. germinative basal cells. (b) differen-
tiated fundus cells, and (c) sebaceous duct epithe- • 
lium. Plewig et al. (197la,b), however. found 
evidence of another population of cells within the 
glands: they called this population the undifferen-
tiated cell pool (UCPJ. The UCP differs from the 
proliferative and differentiated cells which they 
classify as the differentiated cell pool (DCP). The 
DCP consists of the peripheral basal cells that are • 
the proliferative population and the large lipid-
containing differentiated cells in the fundus of the 
gland. The UCP. which is found within the fundus 
of the gland or near itH horders. consists of groups 
of cells with a homogeneous cytoplasm and no 
evidence of lipid droplets. These cells may repre-
sent the proliferative cells of the DCP, but histo-
logically they do not reach the basement mem-
brane acinus. The information derived from the 
labelling index also suggests that the UCP is 
separate from the proliferative cells of the DCP. 
LABELLING INDICES 
Plewig et aL ( 197lb) measured the labelling 
indices of the forehead, scalp, and back, and found 
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values of approximately 9-10 percent in the prolif-
erative cells of the DCP and approximately 20 
percent in the UCP. Other workers have found 
somewhat lower values (Epstein and Epstein. 
1966; Sweeney et al.. 1969). and the differences 
probably rellect the lack of unif(>rm criteria for 
determining the indices. 
TRANSIT TIMES 
Initial labelling of a sebaceous gland by the 
injection of tritiated thymidine in vin> shows 
labelled cells around the periphery of the gland or 
in the areas of the UCP (Fig. 1 ); lipid-laden 
"differentiated" ' cells are not initially labelled. 
Within 12 hr, labelled mitoses are apparem, indi-
cating the passage of cells from the S phase 
through G2 and into the mitotic period; however 
the movement of labelled cells from the peripheral 
basal layer is slow. About 6- 7 days after thymidine 
injection, labelled cells are found in the second to 
third row of the gland. Such movement takes place 
in 3 days in epiderm is. Cells finally appear deep in 
the gland and approach the sebaceous duct by 
10- 14 days but. as explained above. no definitive 
end point is available to measure the full transit 
time in sebaceous glands rFigs. 2, :3) rPiewig et al.. 
197la). Apparent1y the transit time for the prolifer-
ative (basal) cells to move into the interior of the 
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F1G. 1: One hour after the intradermal injection of 
tritiated thymidine: Labelled cells in the basal cell layer 
of the sebaceous gland and duct. 
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FIG. 2: Six days after tritiated thymidine injection: 
Labelled cells have moved 2-3 rows into the gland . 
F IG. 3: Two weeks after isotope 
cells near the sebaceous duel. 
Labelled 
gland is slower than the subsequent transit time in 
the differentiated cell area. This agrees with the 
observation that the basal cell population in seba-
ceous glands constitutes about 56 percent of the 
total (Plewig et al., 197ib) a ratio similar to that in 
normal epidermis (Weinstein and Housman. 1972) . 
FOLUCULAR RPITHEUUM 
'I'he distal end of the sebaceous unit is made up 
of the follicular epithelium that extends to and 
continues into the normal epidermis. The accumu-
lation of keratinized cells from this epithelium 
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probably accounts for the formation of comedones. 
Since the excess of such cells in sebaceous follicles 
may reflect abnormal proliferative activity of the 
follicular epithelium, cellular kinetics in this area 
were studied. Plewig et al. (197lc) showed that the 
labelling index of the follicular epithelium was not 
significantly different on the faces of normal sub-
jects (10.6Q,f·) and of acne patients (8.:J%). Further-
more, the Iabell ing index of the follicular epithe-
lium on the face or back in the two groups of 
subjects was similar to that of the epidermis in the 
same area. The labelling index in the back. how-
ever, was only one-half that of the face. Assuming 
that the DNA-synthesis period is the same in the 
epithelial cells of the face and back. the transit 
time of cells is probably more rapid in the facial 
epithelium than in the back epithelium. 
THE INFLUENCE OF HORMONES ON CELLULAR KINETICS 
IN S~~BACEOUS GLANDS 
Several different criteria of measurement show 
that androgens stimulate sebaceous gland activity 
in various animal models. Using testosterone im-
plants. Eblin!{ (1970) showed increased cell divi-
sion in the sebaceous glands of rats. Testosterone 
implants also increased the production of hair fat 
on the skin surface. These effects were modiJied in 
rats by estrogen and by antiandrogenic steroids 
which caused a decrease in androgen-stimulated 
sebum production. Using the hamster flank organ 
as a model of sebaceous gland activity. we demon-
strated a marked stimulation of thymidine- 3H 
uptake in castrated animals after the administra-
tion of testosterone: the results suggested an in-
crease in cell reproduction within the glands (Gie-
gel et al.. 1971). 
The effect of sex steroids on the activity of 
human sebaceous glands has also been studied. 
Methyltestosterone administered to prepuberal 
boys results in an increase in sebaceous gland size 
and sebum product ion, whereas estrogen decreases 
both the size of the glands and sebum production 
levels in men. Sweeney et al. (1969) first studied 
hormonal effect on cellular kinetics of human 
sebaceous glands by administering ethinyl es-
tradiol to men. Thymidine labelling of sebaceous 
glands from these subjects was markedly depressed 
but returned to normal values when methvltestor:.-
terone was administered to the same suhjicts (Fig. 
4). Sebum production was proportional to the 
labelling indices. Therefore, the estrogenic de-
crease in cell reproduction is probably responsible 
for the lowered sebum output, and testosterone 
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Ftc. 4: Effect of hormonal administration to male sub-jects on the labelling indices of the germinative cell pop-
ulation of sebaceous glands. 
increases sebum production by increasing the rat~ 
of cell proliferation. 
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